The association between pediatric celiac disease (CD) and atherosclerosis is unknown. Our aim was to investigate whether pediatric CD patients have an increased risk of atherosclerosis. We evaluated the premature atherosclerosis by pulse wave velocity (PWV) and carotid intima-media thickness (cIMT). A total of 37 CD patients (20 girls, mean age 13±3.3 years) and 36 healthy age and sex matched controls were enrolled. Mean duration of CD was 47.1±32.3 months and 40.5% of patients had positive tissue transglutaminase antibody (tTg) IgA. Total cholesterol level was lower in CD (p=0.026) and cIMT was lower in tTg IgA antibody negative CD (p=0.030). cIMT was significantly correlated with tTg IgA antibody positivity (r=0.336; p=0.042). Adherence to strict gluten-free diet is associated with decreased cIMT, suggesting that gluten withdrawal seems to have a beneficial effect on premature atherosclerosis.
Celiac disease (CD) is characterised by chronic immune-mediated small bowel inflammation after ingestion of dietary gluten in genetically predisposed individuals 1 . Recently, increased cardiovascular disease (CVD) risk due to chronic inflammation has been described in adult celiac patients, although limited data is available 2, 3 .
Early diagnosis of preclinical atherosclerosis can be made by measurement of carotid artery intima-media thickness (cIMT), flow-mediated vasodilatation and arterial stiffness 4 . Carotid artery intima-media thickness is a reliable surrogate marker of atherosclerosis 5, 6 . Pulse wave velocity (PWV) is the main index for estimating arterial elasticity. This reliable, repeatable and noninvasive method is easy to practice and useful in detecting increased stiffness at the early stage 7 . Pulse wave velocity can be measured by applanation tonometry, oscillometry or vascular ultrasound on several arterial sites 8 . The parameter carotid-femoral PWV mainly reflects stiffness of the artery 9 . PWV and augmentation index are independent predictors of cardiovascular mortality in adults 10 .
Limited studies in adult celiac patients showed that preclinical atherosclerosis might be prevalent. However, there is no data about preclinical atherosclerosis in pediatric CD. Atherosclerotic process begins in childhood which progresses slowly without ischemic complications such as myocardial infarction or stroke 11 . Therefore, modification of the disease in this crucial period may have the greatest impact. The arterial thickness and distensibility, endothelial function, and the proinflammatory and prothrombotic state, alone or in combination can be used as a method for identifying children who have the highest risk for CVD in adulthood, and to form specific treatment strategies. All of these findings led us to perform the present study to investigate the arterial thickness and distensibility by measuring cIMT and PWV as earlier signs of atherosclerotic vascular changes in children with CD as compared with healthy controls.
Material and Methods
This prospective, observational, cross-sectional, single center study was performed in the Pediatric Gastroenterology Department, Ankara University School of Medicine, between January 2013 and March 2014. Study population included individuals with previously diagnosed CD and age and sex matched healthy controls. Inclusion criteria for celiac patients included the following: male or female patient older than the age 6 years and younger than 18 years with biopsy-proven CD according to European Society for Pediatric Gastroenterology, Hepatolgy and Nutrition (ESPGHAN) criteria and not having the exclusion criteria. Information on disease duration, clinical type and histopathological type according to modified Marsh-Oberhuber classification 12 were recorded in patients with CD. Healthy control subjects were defined as without known chronical illness at the time of enrollment and not having the exclusion criteria. The following exclusion criteria was used for both patients and controls: Age more than 18 or less than 6 years at entry, comorbid disease/condition such as diabetes mellitus, obesity, hypertension, dyslipidemia, systemic autoimmune disease, active infection, evidence of liver, renal and lung disease, smoking exposure, concurrent treatment with antihypertensive drugs, lipid-lowering drugs and positive family history for dyslipidemia and early coronary arterial disease.
A clinical examination including weight, height and blood pressure measurement was performed in all subjects by standard methods and by the same pediatrician. Body mass index (BMI) was calculated using standard weight (kg) / height (m) 2 formula and values were evaluated with percentile cards prepared for Turkey according to gender and age. Values above the 95th percentile were accepted as indicating obesity 13 
Carotid intima-media thickness
Carotid artery intima-media thickness was measured by a single experienced pediatric radiologist who was unaware of clinical and laboratory characteristics of the children. The common carotid arteries were evaluated in anterolateral, posterolateral and medial directions with a central frequency 12-MHz linear array transducer and an Aplio scanner (Toshiba Medical Systems Co, Ltd, Tokyo, Japan). Measurements were performed 1 cm proximal to the carotid bulb. Longitudinal images of the carotid arteries were obtained in the supine position with head turned 45 degree to contralateral side. The intima-media thickness (IMT) was measured by tracing the distance from the leading-edge of the lumen intima to the media-adventitia interfaces. Three examinations were taken from both common carotid arteries and means were calculated to estimate the overall IMT. cIMT was assessed by sex-specific curves for age and increased cIMT was defined as cIMT>90%, which shows atherosclerosis 14 .
Assessment of endothelial function
Pulse wave velocity was measured by applanation tonometry using a SphygmoCor Version 7.0 Vx (AtCor Medical, Sydney, Australia) device in a supine position after resting 10 minutes. The probe was connected to a handheld electrocardiograph (ECG) unit while pressure and electrocardiographic signals were
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transmitted to a computer (Exper, Datateknik, Istanbul, Turkey). Aortic PWV was measured in sequential recordings of carotid and femoral arterial pressure waves and defined as the distance between sampling sites divided by the time delay between the distal and proximal pulses according to the R wave belonging to the ECG QRS complex and calculated by software. Two pulse wave passes were examined: (i) between the carotid site and the jugular notch, and (ii) between the jugular notch and the femoral site. The difference between these distances was recorded as the distance covered by the pulse wave. Later, three ECG electrodes connected to the device were placed on the patient's body, and carotid-femoral PWV was recorded. Each measurement was done three times and means calculated. PWV was assessed by sex-specific curves for age and height, and abnormal PWV was defined as PWV >90%, which shows arterial stiffness 15 .
Statistical analysis
Statistical analysis was done using SPSS version 11.5. Continuous variables were presented as mean±SD or median, and categorical variables were presented as frequency (percentage 
Ethical consideration
This study was approved by the ethics committee. A written informed consent was given and signed by parents or caregivers and from the patients aged >10 years after detailed information on the procedures. The study was conducted in accordance with the Declaration of Helsinki guidelines.
Results
A total of 80 patients (40 celiac patients and 40 controls), aged 6-18 years, were screened and provided baseline measurements. Of these patients, 7 subjects (3 celiac patients and 4 controls) were withdrawn from the statistical analysis. Five subjects (1 celiac patients and 4 controls) had high HbA1c level (>6%), while 2 celiac patients were on a gluten-free diet less than 12 months. The study enrolled a total of 37 celiac patients (54% There was no difference between serum cholesterol levels in tTg IgA positive and negative CD (p=0.433), but children with CD had significantly lower serum cholesterol levels compared with healthy controls (p=0.026). The remaining clinical and biochemical findings did not differ between the two groups (Table I) . There was no significant difference between the tTg IgA positive and tTg IgA negative celiac patients, in terms of PWV, abnormal PWV and cIMT (p=0.795, p=0.742, p=0.262, respectively). Celiac patients with tTg IgA negative had significantly lower cIMT than controls (p=0.03) (Table II) . Four (26.7%) of tTg IgA positive patients had increased cIMT whereas only 1 (4.5%) of tTg IgA negative patients had increased cIMT. There was no significant difference between two groups for cIMT (p=0.136). In patients with tTg IgA positive and increased cIMT, the mean age of disease onset was 10.2±2.5 (7-13.2) years, mean age of diagnosis was 11.8±2 (9-13.5) years and mean time interval between the onset of disease and diagnosis was 18.7±14.3 months (3-36 months). In patients with tTg IgA positive and normal cIMT, the mean age of disease onset was 8.5±4.5 (2.9-16.10) years, the mean age of diagnosis was 10.8±3.9 (4.6-17.10) years and mean time interval between the onset of disease and diagnosis was 27.5±41.4 months (0-120 months). There was no significant difference for the time interval between the onset of disease and diagnosis in tTg IgA positive patients with increased cIMT or normal cIMT (p=0.661). The clinical and biochemical findings of tTg IgA positive and negative patients were shown in Table III . 
Discussion
This cross-sectional study is the first report to investigate the preclinical atherosclerosis by arterial stiffness and thickness using PWV and cIMT in pediatric celiac disease. We have demonstrated that after mean 47.1±32.3 months of CD diagnosis, arterial stiffness and thickness are not different in CD compared with controls. The cIMT is positively correlated with tTg IgA antibody level in patients with CD, suggesting that uncontrolled or undiagnosed CD might influence arterial thickness. The time interval between clinical symptoms and diagnosis was not predictive due to the small sample size. In addition, we demonstrated that There is limited and conflicting data published on cardiovascular complications in patients with CD 2,3 . A significant increment in mortality from CVD in patients with CD have been reported in some studies 2,3 , but not in the others 16, 17 .
The cardiovascular risk factors have not been investigated in children with CD until recently. To our knowledge, only one multicenter study explored 114 children with CD on GFD for at least one year. They showed 14% of children had one or more concomitant traditional CVD risk factors such as dyslipidemia or hypertension. They suggested screening for CVD risk factors in CD both at diagnosis and during follow-up is important 18 .
Inflammation plays a key role in the pathogenesis of atherosclerosis. Although a link between CD and CVD remains weak, it is considered that chronic inflammatory condition in CD may be directly responsible for the development of endothelial dysfunction, leading to a subsequent increase in arterial stiffness and atherosclerotic lesions. A few studies in adults have suggested that CD is associated with premature atherosclerosis [19] [20] [21] . Endothelial dysfunction at the macrovascular level was found in adult celiac patients 21 . Significant increase of cIMT and decreased endotheliumdependent dilatation were found in the young adults with CD compared to the controls; suggesting that they may have accelerated atherosclerosis. Adult celiac patients were also shown to have greater cIMT as compared to healthy individuals. Increased arterial stiffness was found in adult celiac patients compared to the controls.
All of these findings suggest that preclinical atherosclerosis might be prevalent in adult celiac patients. It is well known that atherosclerosis begins in childhood; however, children rarely experience cardiovascular events. Atherosclerosis may eventually lead to myocardial infarction or stroke during adulthood 11 . However, there is no data about the pediatric population. Therefore, we investigated preclinical atherosclerosis in pediatric celiac patients by PWV and cIMT. There was no difference in arterial stiffness and thickness between patients with CD and controls. Young age of onset and longer disease duration with long-term gluten withdrawal in our study might prevent premature atherosclerosis. Interestingly, one of our patients had atherosclerotic plaques in both carotid arteries. He was supposed to be on GFD for 22 months; however his tTg IgA was positive. We have not found any other risk factor for atherosclerosis such as renal or endocrin disorders. Uncontrolled CD may be the probable cause of atherosclerosis in this child. Development of atherosclerosis may be related to tTg IgA positivity, reflecting inflammatory activity.
The influence of GFD on the risk factors of CVD remains unclear. Some studies have suggested that GFD may have an anti-atherosclerotic effect in CD [22] [23] [24] , whereas others have shown that the diet is likely to be atherogenic [25] [26] [27] . Serum total cholesterol level was significantly lower in CD compared to healthy controls in our study as reported previously in the adults 22, 26 .
Lower cIMT in CD with strict gluten adherence suggest that GFD seems to have a beneficial effect on cardiovascular profile.
There is a well known relationship between the presence of celiac disease specific antibodies and the severity and prognosis of the disease 28 .
In our study, we evaluated the association of celiac specific antibodies with PWV and cIMT. We found no significant difference between antibody positive and antibody negative patients in terms of PWV and CIMT. Similar results were also observed in two different studies 20, 21 .
Interestingly, we found cIMT was significantly correlated with tTg IgA antibody level which is the marker of uncontrolled CD, whereas traditional risk factors for atherosclerosis (ie body mass index, blood pressure) were not correlated. Indeed, we showed that arterial thickness was significantly lower in children with CD who were strictly adherent to GFD compared to healthy control. Our results suggest that the GFD is likely to be antiatherogenic. Similarly, in the study of De Marchi et al. 19 , adult patients with CD at baseline had significantly increased cIMT compared to the controls. After GFD, a significant decrease in cIMT was shown, they explained this difference by decrement of inflammatory response due to normalization of the small bowel mucosa secondary to gluten abstinence. And, signs of early atherosclerosis also improved rapidly with GFD in those patients. In accordance with this, children with uncontrolled celiac disease are at risk to develop early atherosclerosis; and premature atherosclerosis can be modified by strict GFD.
Increased arterial stiffness is correlated with the aging process and extrinsic risk factors of atherosclerosis such as hypertension, diabetes, dyslipidemia, obesity and smoking 9, 10 . We found a positive correlation between PWV, body mass index and BP (both systolic and diastolic) in celiac patients as previously shown in healthy children 13 .
In conclusion, we demonstrated that CD is associated with low cholesterol levels and cIMT is significantly correlated with tTg IgA antibody level. Indeed, compared to healthy controls, celiac patients who are strictly adherent to GFD have significantly lower cIMT. These results suggest that gluten withdrawal seems to have a beneficial effect on atherosclerotic risk factors.
